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(54) Spread spectrum communication apparatus 

(57) A spread spectrum reception apparatus gener- 
ates a local reference code and a timing signal having 
1/2 the period of the reference code are generated. Cor- 
relation calculation between a received spread spec- 
trum signal and the local reference code is performed. 



Upon reception of the correlation calculation result, a 
peak detector detects a correlation peak signal. The rate 
of a code generation clock is adjusted in accordance 
with the phase difference between the timing signal and 
the correlation peak signal to perform de-spread 
processing of the received signal. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION s 

The present invention relates to a spread spectrum 
communication apparatus. 

DESCRIPTION OF THE RELATED ART io 

Fig. 1 5 is a block diagram showing the arrangement 
of the synchronization unit of a conventional receiver 
used for spread spectrum communication. 

The receiver causes a demodulation unit 3 to de- is 
spread a spread spectrum signal S1 received through 
an antenna 1 by using a de-spread signal S2 output from 
a synchronization unit 2, thereby extracting information. 

The synchronization unit 2 inputs the spread spec- 
trum signal S1 to a SAW convolver 4 to perform corre- 20 
I at ion calculation with a local reference signal S3B. The 
local reference signal S3B uses a signal PNO - a signal 
obtained by inverting the sync spread code PNO which 
is on the time base- obtained by time-inverting the same 
code as a sync spread code PNO contained in the re- 2s 
ceived signal is used. The output from the SAW convolv- 
er 4 is obtained as a correlation output S4 through a de- 
tector 5. 

A PLL (phase-locked loop) 7 adjusts the rate of a 
code generation clock S7 in accordance with the phase 30 
difference between an output S5 from a peak detection 
unit 6 which detects a peak of the correlation output S4 
and a code generation timing signal S6 from a code gen- 
erator 8. 

When identified codes having code sequence 35 
length L are input to the right and left terminals of the 
SAW convolve r 4, a correlation peak appears at a period 
U2. For this reason, as shown in Fig. 16, in the conven- 
tional synchronization scheme for spread spectrum 
communication which uses the SAW convolver: the local 40 
reference signal S3B obtained by performing informa- 
tion conversion of the sync spread code PNO with "0" 
and "1 * alternately for every period is used to eliminate 
these L/2 peaks, thereby causing a correlation peak S4 
to appear at a period L. <*s 

When performing spread spectrum communication 
by forming information into a frame, a transmission sig- 
nal generally includes a preamble interval 61 in which 
only a sync spread code is transmitted, as shown in Fig. 
9. The PLL 7 in the conventional receiver in Fig. 1 5 is so 
designed to establish code synchronization in this pre- 
amble interval 61 at a high rate. 

In the above prior art, however, if the codes PNO 
and PNO are out of phase with each other, and their 
phase difference is L/2, as shown in Fig. 17, the level of ss 
every correlation peak of the correlation output S4 which 
appears at the period L/2 is lowered to 1/2 because of 
information conversion of the local reference signal S3B 



which is performed for each period, and does not ex- 
ceed the threshold of the peak detection unit 6, as indi- 
cated by reference numeral 94 in Fig. 17. As a result, 
no signal is input to the PLL, and it may take much time 
to establish synchronization or locking. 

As shown in Fig. 9, when transmitting information 
as a frame, if the preamble interval 61 for code synchro- 
nization is not sufficiently shorter than an information 
transmission time 62, the information transmission effi- 
ciency deteriorates in practice. In order to shorten the 
preamble interval 61 , a high-rate, high-precision PLL is 
required, resulting in an increase in cost, further compli- 
cation in arrangement, and the like. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to improve a 
spread spectrum communication apparatus. 

It is another object of the present invention to realize 
high-rate synchronization in spread spectrum commu- 
nication. 

It is still another object of the present invention to 
provide a spread spectrum communication apparatus 
which is resistant to noise and has excellent distance 
characteristics. 

It is still another object of the present invention to 
improve the synchronization precision in spread spec- 
trum communication. 

It is stilt another object of the present invention to 
provide a spread spectrum communication suitable for 
transmission of information as a frame. 

It is still another object of the present invention to 
provide a spread spectrum communication apparatus 
suitable for radio communication based on a multi-cell 
arrangement. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the first embodi- 
ment of the present invention; 
Fig. 2 is a timing chart showing the waveforms of 
signals in the first embodiment in a case wherein 
code synchronization is established; 
Fig. 3 is a timing chart showing the waveforms of 
signals in the first embodiment in a case wherein 
the signals are out of phase by an amount A; 
Fig. 4 is a view for explaining a multi-cell arrange- 
ment in a radio LAN system; 
Fig. 5 is a block diagram showing the second em- 
bodiment of the present invention; 
Fig. 6 is a timing chart showing the waveforms of 
signals in the second embodiment in a case where- 
in synchronization is established; 
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Fig. 7 is a timing chart showing the waveforms of 
signals in the second embodiment in a case where- 
in the signals are out of phase by an amount A; 
Fig. 8 is a timing chart showing the waveforms of 
signals in the second embodiment in a case where- s 
in the signals are out of phase by an amount U2; 
Fig. 9 is a view showing a transmission signal to be 
transmitted after information is formed into a frame; 
Fig. 10 is a block diagram showing the third embod- 
iment of the present invention; io 
Fig. 11 is a timing chart showing the waveforms of 
signals in the third embodiment; 
Fig. 12 is a block diagram showing the fourth em- 
bodiment of the present invention; 
Fig. 1 3 is a timing chart showing the waveforms of is 
signals for a synchronization scheme in the fourth 
embodiment; 

Fig. 14 is a block diagram showing the fifth embod- 
iment of the present invention; 

Fig. 15 is a block diagram showing a prior art; so 
Fig. 16 is a timing chart showing the waveforms of 
signals in the prior art; and 

Fig. 17 is a timing chart showing the waveforms of 
signals in a locking operation in the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS * 

<First Embodiment 

30 

Fig. 1 is a block diagram showing the first embodi- 
ment of the present invention. 

A receiver in this embodiment includes an antenna 
1 , a synchronization unit 2, and a demodulator 3. 

The demodulation unit 3 de-spreads a spread spec- 35 
trum signal SI received by the antenna 1 by using a de- 
spread signal S2 received through the synchronization 
unit 2, and extracts information. 

In the synchronization unit 2, a SAW (surface 
acoustic wave) convolver 4 performs correlation calcu- 40 
lation between the received signal S1 and a local refer- 
ence signal S3. A detector 5 detects the output from the 
SAW convolver 4. 

A peak detection unit 6 receives an output S4 from 
the detector 5 and detects a correlation peak signal S5. 45 
A PLL (phase-locked loop) 7 adjusts the rate of a code 
generation clock S7 in accordance with the phase dif- 
ference between the correlation peak signal S5 and a 
code generation timing signal S6from a code generator 
8. Note that PLL 7 is generally constituted by a phase so 
comparator, a loop filter, and a voltage-controlled oscil- 
. lator. 

The code generator 8 generates a de-spread code 
PNi having a code sequence length L and a local refer- 
ence signal PNO having a code sequence length 2L by ss 
using the same clock. In this case, the signal PNO is a 
code obtained by inverting the signal PNO on the time 
base, and the signal PNO is a sync code contained in 
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the received signal S1 . The code generation timing sig- 
nal S6 indicates, e.g., the start portion of the code se- 
quence of the de-spread signal S2 (PNi), and also indi- 
cates the start portion and the 1/2 position of the code 
sequence of the local reference signal S3. 

Fig. 2 is a timing chart showing the waveforms of 
signals for a synchronization scheme in the first embod- 
iment in a case wherein code synchronization is estab- 
lished. 

The cross-correlation region of the SAW convolver 
4 in this embodiment has a length 2L, as indicated by 
reference numeral 202, with respect to the code se- 
quence length L of the de-spread signal S2 (PNi) denot- 
ed by reference numeral 201 . For the sake of descriptive 
convenience, the leading edge of the code generation 
timing signal S6 is represented by t = 0. 

As shown in Fig. 2, when the signals are in phase 
with each other, t = 2kL (k = 0, 1, 2,...), and the codes 
PNO and PNO coincide with each other within the cross- 
correlation region of the SAW convolver 4, as indicated 
by reference numeral 203. In addition, as indicated by 
reference numeral 204, when t = (2k + 1)L t the codes 
PNO and PNO coincide with each other within the cross- 
correlation region of the SAW convolver 4. The correla- 
tion peak output S4 can therefore be obtained at the pe- 
riod L f as indicated by reference numeral 205. That is, 
the output S4 becomes a signal having the same period 
as that of the code generation timing signal S6 denoted 
by reference numeral 206. 

When the signals are out of phase by an amount A. 
as shown in Fig. 3, t = 2kL - A/2 (k = 0, 1, 2,...), and 
hence the codes PNO and PNO coincide with each other 
within the cross-correlation region of the SAW convolver 
4, as indicated by reference numeral 213. In addition, 
as indicated by reference numeral 214, when t = (2k + 
1 )L - A/2, the codes PNO and PNO coincide with each 
other within the cross-correlation region of the SAW 
convolver 4. As indicated by reference numeral 215, 
therefore, the correlation peak output S4 has the period 
L which is equal to that of the code generation timing 
signal S6 denoted by reference numeral 216. That is, 
the output S4 becomes a signal whose phase is ad- 
vanced with respect to the code generation timing signal 
S6 by an amount A/2. Synchronization establishment 
and synchronization tracking can therefore be attained 
by inputting the correlation peak output S5 and the code 
generation timing signal S6 to the PLL 7. 

According to this embodiment, since information 
conversion of a local reference signal need not be per- 
formed unlike in the prior art, no correlation peak signal 
is eliminated when the signals are out of phase, and syn- 
chronization can be established regardless of any initial 
phase differences. 

In addition, according to this embodiment, since the 
code sequence length of a sync spread signal is dou- 
bled, the process gain (indicating the degree of resist- 
ance to noise) is doubled. The distance characteristics 
are therefore be improved by 2 1/2 times. Assume that a 
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radio LAN (local area network) system is to be formed 
by using spread spectrum communication. !n this case, 
when the synchronization scheme of this embodiment 
is used in a multi-cell arrangement like the one shown 
in Fig. 4, code synchronization between a BS 34 and a 
BS 35 and between the BS 35 and a BS 36 can be es- 
tablished by using a sync signal having better distance 
characteristics than an information signal, thereby pre- 
venting interference between different cells. 

<Second Embodiment 

Fig. 5 is a block diagram showing the second em- 
bodiment of the present invention. 

In the second embodiment, a code generation tim- 
ing signal S6B is a signal having a period L/2, which in- 
dicates the start portions and the 1/2 positions of a de- 
spread signal S2 (PNi) and a local reference signal S3B 
(PNO). 

A SAW convolver 4 performs correlation calcu lation 
between a received signal S1 and the local reference 
signal S3B. A PLL 7 adjusts the rate of a code genera- 
tion clock S7 in accordance with the phase difference 
between a correlation peak signal S5 and the code gen- 
eration timing signal S6B from a code generator 8. 

Since the remaining arrangement in Fig. 5 is basi- 
cally the same as that in the first embodiment (Fig. 1), 
a description thereof will be omitted. 

Fig. 6 is a timing chart showing the waveforms of 
signals for a synchronization scheme in the second em- 
bodiment. 

Referring to Fig. 6, as indicated by reference nu- 
meral 502, the cross-correlation region of the SAW con- 
volver 4 in this embodiment has a length L, which is 
equal to the code sequence length of a spread code 
(PNO, PNi). Forthe sake of descriptive convenience, the 
leading edge of the code generation timing signal S6 is 
represented by t = 0. 

As shown in Fig. 6, when the signals are in phase 
with eac h oth er, t = kl_ (k = 0, 1, 2, .), and the codes 
PNO and PNO coincide with each other within the cross- 
correlation region of the SAW convolver 4,. as indicated 
by reference numeral 503. In addition, as indicated by 
referenc e num eral 504, when t = (k + 1/2)L, the codes 
PNO and PNO coincide with each other within the cross- 
correlation region of the SAW convolver 4. The correla- 
tion peak output S4 can therefore be obtained at the pe- 
riod L/2, as indicated by reference numeral 505. That is, 
the output S4 becomes a signal having the same period 
as that of the code generation timing signal S6B denoted 
by reference numeral 506. 

When the signals are out of phase by an amount A, 
as shown in Fig. 7, t = kL - A/2 (k = 0, 1, 2,...), and hence 
the codes PNO and PRO coincide with each other within 
the cross-correlation region of the SAW convolver 4, as 
indicated by reference numeral 51 3. In addition, as in- 
dicated by reference nu meral 514, when t = (k + 1/2)L - 
A/2, the codes PNO and PNO coincide with each other 



within the cross-correlation region of the SAW convolver 
4. As indicated by reference numeral 515, therefore, the 
correlation peak output S4 has the period L/2 which is 
equal to that of the code generation timing signal S6B 
5 denoted by reference numeral 516. That is, the output 
S4 becomes a signal whose phase is advanced with re- 
spect to the code generation timing signal S6B by an 
amount A/2. 

When the signals are out of phase by an amount 
io L/2, as shown in Fig. 8, t = (k - 1/4)L (k = 0, 1 , 2, ...), and 
hence the codes PNO and PRQ coincide with each other 
within the cross-correlation region of the SAW convolver 
4, as indicated by reference numeral 523. In addition, 
as indicated by referenc e num eral 524, when t = (k + 

is 1/4)L, the codes PNO and PN5 coincide with each other 
within the cross-correlation region of the SAW convolver 
4. As indicated by reference numeral 525, therefore, the 
correlation peak output S4 has the period L/2 which is 
equal to that of the code generation timing signal S6B 

20 denoted by reference numeral 526. That is, the output 
S4 becomes a signal whose phase is shifted from the 
code generation timing signal S6B by an amount L/4. 

When the code generation timing signal S6B having 
the period L/2 is out of phase by an amount L/2, it is 

25 regarded as an unstable signal with a phase lead or 
phase lag. As a result, locking to a correct code syn- 
chronization point is performed. 

Fig. 8 shows how synchronization is established by 
regarding the code generation timing signal indicated by 

30 the broken lines as a signal with a phase lead with re- 
spect to the correlation peak signal indicated also by the 
broken lines. 

When the phase of the generation timing signal is 
delayed by the PLL by a given amount, the correlation 

35 peak signal as the convolution result is also delayed by 
1/2 the given amount. Consequently, as shown in Fig. 
8, the phase of the correlation peak signal is locked to 
a correct code synchronization point. This also applies 
to the case wherein the code generation timing signal 

^o has a phase lag. 

According to this embodiment, since information 
conversion of a local reference signal need not be per- 
formed unlike in the prior art, no correlation peak signal 
is eliminated when the signals are out of phase, and syn- 

45 chronization can be established regardless of any initial 
phase differences. 

In addition, according to this embodiment, since the 
frequency of a" signal input to the PLL is twice that of a 
signal in the prior art, the time required for phase locking 

so can be shorted to 1/2 that in the prior art without using 
any high-rate PLL As shown in Fig. 9 ( therefore, in case 
of transmitting information as a frame, the preamble in- 
terval can be shortened by using the synchronization 
scheme of this embodiment As a result, the throughput 

ss of the communication system can be improved. 




7 EP0 717 

<Third Embodiment 

Fig. 10 is a block diagram showing the third embod- 
iment of the present invention. 

A code generator 1 1 5 generates a de-spread code s 
PNi h avin g a code sequence length L and a reference 
code PNO having a code sequence length 2L by using 
the same clock. A code generation timing signal indi- 
cates the start portion of the code sequence of the de- 
spread code PNi, and also indicates the start portion and "> 
the 1/2 position of a code sequence PNO of a reference 
code. 

A SAW convolver 110 as a correlation detector de- 
tects the correlation between a received IF (intermedi- 
ate frequency) signal processed by a high-frequency is 
unit and the reference spread code PNO used for de- 
spread processing. The resultant correlation signal is 
digitized by a peak detector 111, and the digitized signal 
is then output to a code reset circuit 112 and a phase 
shift circuit 113. 20 

When convolution correlation processing is to be 
performed by using the SAW convolver 110, the code 
reset circuit 112 outputs a code reset signal with a code 
phase obtained by doubling the phase lag of a peak sig- 
nal with respect to a code generation timing of the ref- 25 
erence spread code, thereby establishing code syn- 
chronization between the reference code and the de- 
spread code. 

The phase shift circuit 113 outputs a signal coming 
from a reference signal generator 114 as a code gener- 30 
ator clock without any modification before starting a syn- 
chronizing operation. Upon starting, reception and ob- 
taining a peak signal, the phase shift circuit 113 shifts 
the reference clock by an amount obtained by doubling 
the phase lag of the peak signal with respect to the out- 3S 
put clock from the reference signal generator 114, and 
outputs the shifted clock as a code generator clock, 
thereby establishing clock synchronization. Reference 
numeral 116 denotes a demodulator for de-spreading 
the received IF signal by using the de-spread code PNi 40 
to extract information. 

Fig. 11 is a timing chart showing the waveforms of 
signals for the synchronization scheme in the third em- 
bodiment. 

The cross-correlation region of the convolver 110 in 45 
this embodiment has a length 2L, as indicated by refer- 
ence numeral 122, with respect to a code sequence 
length L of a de-spread signal S2 denoted by reference 
numeral 121. For the sake of descriptive convenience, 
the leading edge of a code generation timing signal S6 so 
is represented by t = 0. 

When the signals are in phase with each other, t = 
2kL(k = 0, 1,2,...), and thecodes PNO and PNO coincide 
with each other within the cross-correlation region of the 
convolver, as indicated by reference numeral 1 23. In ad- ss 
dition, as indicated by referenc e nu meral 124, when t = 
(2k + 1 )L r the codes PNO and PNO coincide with each 
other within the cross-correlation region of the convolv- 
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er. 

A correlation peak output S4 can therefore be ob- 
tained at the period L, as indicated by reference numeral 
1 25. That is. the output S4 becomes a signal having the 
same period as that of the code generation timing signal 
S6 denoted by reference numeral 1 26. According to this 
embodiment, since information conversion of a local ref- 
erence signal need not be performed unlike in the prior 
art, no correlation peak signal is eliminated when the 
signals are out of phase, and synchronization can be 
established regardless of any initial phase differences. 

In addition, according to this embodiment, when the 
code sequence length of a sync pilot signal is doubled, 
the process gain is doubled. The distance characteris- 
tics are therefore be improved by 2 1/2 times. Assume 
that a radio LAN system is to be formed by using spread 
spectrum communication. In this case, when the syn- 
chronization scheme of this embodiment is used in a 
multi-cell arrangement like the one shown in Fig. 4, code 
synchronization between a BS 34 and a BS 35 and be- 
tween the BS 35 and a BS 36 can be established by 
using a sync signal having better distance characteris- 
tics than an information signal, thereby preventing inter- 
ference between different cells. 

<Fourth Embodiment 

Fig. 12 is a block diagram showing the fourth em- 
bodiment of the present invention. 

A code generator 1 45 generates a de-spread code 
PNi having a code sequence length L and a local refer- 
ence code PNO by using the same clock. A code gen- 
eration timing signal is a signal havinga period \J2. 
which indicates the start portions and the 1/2 positions 
of the de-spread signal and the reference signal. A code 
start signal indicates the start portions of the de-spread 
code and the reference code. 

Referring to Fig. 12, a SAW convolver 140 as a cor- 
relation detector detects the correlation between a re- 
ceived IF signal processed by a high-frequency unit and 
the reference spread code PNO used for de-spread 
processing. The resultant correlation signal is digitized 
by a peak detector 141 . The resultant data is then output 
to a code reset circuit 142 and a phase shift circuit 143. 

When convolution correlation processing is to be 
performed by using the SAW convolver 140, the code 
reset circuit 1 42 outputs a code reset signal by delaying 
the signal based on a code start signal, by a delay 
amount obtained by doubling the phase lag of a peak 
signal with respect to the code generation timing of the 
reference spread code, and resets the reference code 
and the de-spread code to establish code synchroniza- 
tion. 

The phase shift circuit 143 outputs a signal coming 
from a reference signal generator 144 as a code gener- 
ator clock without any modification before a synchroniz- 
ing operation. Upon starting reception and obtaining a 
peak signal, the phase shift circuit 143 shifts the refer- 
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ence clock by an amount obtained by doubling the 
phase lag of the peak signal with respect to the output 
clock from the reference signal generator 144, and out- 
puts the shifted clock as a code generator clock, thereby 
establishing clock synchronization. Reference numeral 
146 denotes a demodulator for de-spreading the re- 
ceived IF signal by using the de-spread code PNi to ex- 
tract information. 

Fig. 13 is a timing chart showing the waveforms of 
signals for the synchronization scheme in the fourth em- 
bodiment. 

The cross-correlation region of the convolver in this 
embodiment has a length L which is equal to the code 
sequence length of a spread code, as indicated by ref- 
erence numeral 151. For the sake of descriptive con- 
venience, the leading edge of a code generation timing 
signal S6B is represented by t = 0. When code synchro- 
nization is established, t = kL (k = 0, 1 , 2,...). and codes 
PNO and<PN0 coincide with each other within the cross- 
correlation region of the convolver, as indicated by ref- 
erence numeral 152. 

In addition, as indicated by reference numeral 153, 
when t = (k + 1/2)L, the codes PNO and PNO coincide 
with each other within the cross-correlation region of the 
convolver. Since a correlation peak output S4 can be 
obtained at a period 172, as indicated by reference nu- 
meral 154, the output S4 becomes a signal having the 
same period as a code generation timing signal S6B in- 
dicated by reference numeral 1 55. According to this em- 
bodiment, since information conversion of a local refer- 
ence signal need not be performed unlike in the prior 
art, no correlation peak signal is eliminated when the 
signals are out of phase, and synchronization can be 
established regardless of any initial phase differences. 

Furthermore, according to this embodiment, since 
the frequency of a signal input to the code reset circuit 
142 is twice as high as that of the prior art, the time re- 
quired for synchronization establishment can be short- 
ened to 1/2 that of the prior art. As shown in Fig. 9, there- 
fore, when transmitting information as a frame, the pre- 
amble interval can be shortened by using the synchro- 
nization scheme of this embodiment. As a result the 
throughput of the communication system can be im- 
proved. 

<Fifth Embodiment 

Fig. 14 is a block diagram showing the fifth embod- 
iment of the present invention. 

Referring to Fig. 1 4, a SAW convolver 1 70 as a cor- 
relation detector detects the correlation between a re- 
ceived IF signal processed by a high-frequency unit and 
a reference spread code used for de-spread processing. 
The resultant correlation signal is digitized by a peak 
detector 171 , and the digitized signal is then output to a 
phase difference detection circuit 176. 

The phase difference detection circuit 176 detects 
the phase difference between a peak signal output from 



the peak detector 1 71 and the code timing signal and 
the phase difference between an output clock from a ref- 
erence frequency generator 1 74 and a peak signal a plu- 
rality of number of times, and outputs the resultant data 
5 to a phase-difference calculation circuit 1 77. The above- 
mentioned number of times is generally set to be about 
two to five, although it changes depending on a situa- 
tion. 

The phase difference calculation circuit 177 calcu- 
10 lates a phase of the code reset signal and the clock- 
phase shift amount by using an output from the phase- 
difference detection circuit 176. 

In performing these calculations, for example, a plu- 
rality of detected phase differences may be averaged, 
is or a most-frequent phase difference of a plurality of de- 
tected phase differences may be selected. When per- 
forming convolution correlation processing by using the 
SAW convolver 170, code resetting is performed by us- 
ing a code phase obtained by doubling the phase differ- 
20 ence calculated in this manner, and the clock is shifted 
by a clock-phase shift amount obtained by doubling the 
phase difference. 

A code reset circuit 172 receives the code reset sig- 
nal and establishes code synchronization between the 
25 reference code and the de-spread code. 

A phase shift circuit 173 outputs a signal coming 
from the reference signal generator 1 74 as a code gen- 
erator clock without any modification before a synchro- 
nizing operation. Upon starting reception and obtaining 
30 a peak signal, the phase shift circuit 173 receives the 
clock-phase shift amount, shifts the peak signal from the 
reference clock, and outputs the resultant signal as a 
code generator clock, thereby establishing clock syn- 
chronization. 

35 When a synchronization circuit which is based on 
digital processing is formed by using correlation signals 
obtained by the SAW convolver 170, various variation 
factors around the SAW convolver 170 average the jit- 
ters and the like of correlation peak signals themselves, 

to thereby it is capable of realizing high-precision synchro- 
nization. 

If a code generator 175 is, used to generate a de- 
spread code PNi havin g a code sequence length L and 
a reference code PNO having a length 2L by using the 

45 same clock, as in the third embodiment, a peak signal 
generated by the peak detector 1 71 has the same period 
as that of a code generation timing signal of a reference 
code, as shown in Fig. 1 1 . Even if, theref ore : the phase- 
difference detection circuit 176 detects the peak signal 

so and the code generation timing signal a plurality of 
number of times, the prolongation of the time required 
for synchronization seizure can be prevented. 

As many apparently widely different embodiments 
of the present invention can be made without departing 

ss from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 
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Claims 



A spread spectrum reception apparatus compris- 
ing: 



The method according to claim 6, further compris- 
ing the generating step of generating a de-spread 
code having a period 1/2 the period of the reference 
code. 



generating means (8, 115, 145, 175) for gener- 
ating a reference code; 

correlation means (4, 110, 140, 175) for calcu- 
lating correlation between a received signal, 
and the reference code; and 
de-spread means (3, 7, 6, 112, 113, 115, 116, 
142, 143, 145, 146, 172, 173, 176, 177) for de- 
spreading the received signal, characterized in 
that 

said generating means generates a timing sig- 
nal having a period 1/2 a period of the reference 
code, and 

said de-spread means de-spreads the received 
signal in accordance with the timing signal and 
a correlation output from said correlation 
means. 

The apparatus according to claim 1 , wherein said 
generating means further generates a de-spread 
code having a period 1/2 the period of the reference 
code. 



1S 



8. The method according to claim 6, further compris- 
ing the generating step of generating a de-spread 
code having the same period as that of the refer- 
ence code. 

9. The method according to claim 6, further compris- 
ing the generating step of generating a clock having 
a frequency corresponding to a phase difference 
between the timing signal and the correlation signal. 

10. The method according to claim 6, further compris- 
ing the steps of: 

generating a reference signal; and 
shifting a phase of the reference signal in ac- 
cordance with the timing signal and the corre- 
v lation signal. 



The apparatus according to claim 1 , wherein said 
generating means further generates a de-spread 
code having the same period as that of the refer- 
ence code. 

The apparatus according to claim 1 , wherein said 
de-spread means includes generating means for 
generating a clock having a frequency correspond- 
ing to a phase difference between the timing signal 
and the correlation output. 

The apparatus according to claim 1, wherein said 
de-spread means includes reference-signal gener- 
ating means for generating a reference signal, and 
shift means for shifting a phase of the reference sig- 
nal in accordance with the timing signal and the cor- 
relation output. 

A spread spectrum communication method com- 
prising the steps of: 



generating a reference code; 
forming a correlation signal based on correla- 
tion between a received signal and the refer- 
ence code; and 

de-spreading the received signal, character- 
ized by 

generating a timing signal having a period 1/2 
a period of the reference code; and 
de-spreading the received signal in accordance 
with the timing signal and the correlation signal. 



so 
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